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Appendix A – Fundamental Aspects of Design

ISMP Section 3.3.1.3, “Safety Analysis Reports,” states: “Those portions of the ISAR that relate to
the fundamental aspects of design are considered to be part of the authorization basis.” Appendix
A is a list of the wording in the ISAR (BNFL-5193-ISAR-01, Rev.0 dated January 12, 1998) that is
considered to be Fundamental Aspects of Design.  The first occurrences of the design
descriptions in the ISAR that are considered to be Fundamental Aspects of Design, are identified
section by section.

To show the effect of design development changes on the ISAR, the design changes as of the
April, 2000 deliverable design (B-1 design) are shown by strikeouts and underlined additions.
Appendix A shows these changes for their impact on only the Fundamental Aspects of Design.
This appendix constitutes the revision to the authorization basis portion of the ISAR.

Below are the verbatim portions of the ISAR that constitute the fundamental aspects of design.
An ellipsis indicates where words in the sentence, as written, have been omitted that are not part
of the fundamental aspect of design.

1.0  GENERAL INFORMATION

The LAW stream would then be vitrified into borosilicate glass, poured into containers, …...  The
HLW side of the HLW/LAW facility does not use any prior separation.  After dewatering,
aluminum and other selected solids are leached from the HLW stream using caustic reagent if
warranted. tThe entire pretreated HLW stream is vitrified, poured into canisters to solidify, …….

The LAW waste stream is received from the double shell tank (DST) 241-AP-106, …….  The
LAW and HLW waste stream is will be received from lines running from a new valve pit to be
constructed by DOE in near the AP tank farm.

1.1.1  Facility Description

The TWRS-P Facility for treating both the LAW-only option and the HLW/ and LAW option
includes the following major structures:

1) Process buildings
a) Pretreatment Building(PTB)
b) LAW Pretreatment Plant (LPP)
c) LAW Vitrification Building
d)    HLW Vitrification Building

2) Wet chemical store
3) Glass formers store
.
.
.
8) HLW Failed Melter Store
9) Central Waste Stores
10) Spent Melter Staging

Buildings …..house the primary process cells or provide for transfer or storage of hazardous and
radiological materials …..

The arrangements of the major buildings are shown in Figure 1-1.

1.1.1.1 Process Buildings
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The process building for the LAW-only option contains processes for conditioning
(i.e., pretreatment) and immobilization of the LAW feeds.  For the HLW/LAW option, the
processes for conditioning and immobilizing HLW are also included.
1.1.1.1.1  Pretreatment Building (PTB)
- Receives LAW/HLW feeds.
- Concentrates LAW feed
- Removes feed entrained solids from the LAW
- Removes Sr/TRU from solution, if necessary
- Removes Cs from LAW feed.
- De-waters HLW feed
- Leaches Aluminum and other selected solids from HLW stream
- Blends HLW solids with Cs/Tc/Sr/TRU/ entrained solids from LAW feed and transfers to HLW

Vitrification
- Processes HLW feed liquids as LAW feed
1.1.1.1.2 LAW Pretreatment Plant (LPP)
- Receives processed LAW feed from PTB
- Removes Tc
- Further concentrates the LAW Melter feed
- If applicable, blends entrained solids previously removed from LAW feed with the

concentrated Melter feed for transfer to LAW Vitrification

1.1.1.1.3 LAW Vitrification Building

- Receives pretreated LAW feed from LPP
- Vitrifies it to produce glass for return to DOE

1.1.1.1.4 HLW Vitrification Building

- Receives pretreated HLW feed from the PTB
- Vitrifies it to produce glass for return to DOE

A shipping container handling area …..is provided …...

1.1.1.2 Wet Chemical Store

The wet chemical store ……….building is subdivided into an ion-exchange resin storage area and
a bulk chemical reagent storage area.  The ion-exchange resin storage area is enclosed by walls
and has environment controls to prevent damage to the stored materials.  The bulk chemical
reagent storage area ……..is covered with a roof to protect the chemicals from the weather.  The
bulk chemicals are stored in tanks within spill retention basins.

1.1.1.4  Glass Formers Store

The glass former store provides for receipt, storage, weighing, and blending of the bulk glass-
making chemicals.

1.1.1.8 HLW Failed Melter Storage

The HLW failed melter storage area will be used to store HLW melters and have the flexibility to
contain routine secondary wastes.  Spent HLW melters may also be stored here.

1.1.1.9 Central Waste Stores

The Central Waste Storage Area will be used to store the routine secondary wastes from all the
process buildings including mixed low level radioactive waste and consumable wastes from the
HLW and LAW melters.
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1.1.1.10   Spent Melter Staging

The spent melter staging area will be used to stage spent LAW melters for shipment and allows
the flexibility to contain routine secondary wastes.  Spent HLW melters may also be stored here.

1.1.2.2 TWRS-P Processing Operations

The TWRS-P Facility provides for treating LAW and HLW.  The TWRS-P Facility chemical
processes can be subdivided into eight nine distinct unit operations, which are described below.
The overall process is a combination of semi-batch and batch unit operations comprised of the
following operations:

1) Receipt of LAW Feeds - The feed batch received from the DOE and the dilute effluents
from the PT process is mixed to ensure uniform consistency and a portion is transferred
through an underground pipeline to the treatment facility.

2) LAW Entrained Solids and Strontium/TRU Separation - The solids in the feed are
concentrated ……...  The slurry is then washed to reduce the sodium level in the entrained
solids slurry to within acceptable limits.  The filtrate from this operation is then fed to cesium
removal.  For Envelope C feed (……), the same equipment is used to sequentially remove
the entrained solids followed by the precipitate strontium and TRU precipitate, and then to
feed these two products to separate storagewhich is removed along with the entrained
solids.

3) LAW Cesium Removal - Cesium is removed from the filtrate …… and the liquor passes to
technetium removal.

4) LAW Technetium Removal - Technetium is also extracted …….  The liquid is evaporated
and passed to the vitrification system.

5) LAW Vitrification - The LAW generated after technetium removal is vitrified in the final unit
operation, the LAW melter.  The waste is fed to … melter systems to produce glass for
return to DOE.

6) Receipt of HLW Feed - Envelope D receipt vessels are required to receive a slurry of waste
solids.

7) HLW Dewatering - Pretreatment of the Envelope D feed is required to reduce the water
content of the feed to the HLW melter.

8) HLW Vitrification - The separated cesium, technetium, and strontium/TRU intermediate
products are immobilized in the HLW melter together with the concentrated Envelope D
material.

9) HLW Washing – HLW solids are washed with caustic solution to reduce the mass of HLW
feed prepared for Vitrification.

Figures 1-2 and 1-3 shows the LAW and HLW/ and LAW processes, respectively.

1.2.3 Site Location
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The TWRS-P Facility is to be constructed at the east end of the 200 East Area of the Hanford
Site.

1.2.4 Type, Quantity, and Form of Waste Material

The DOE has classified these wastes into four separate envelopes: three LAW (Envelopes A, B,
and C) and one HLW (Envelope D).

1) Envelope A - This envelope makes up the majo rity (approximately 90%) of the minimum
order quantities.  This envelope contains cesium and technetium at concentrations that
result in the need for their removal to ensure that the LAW glass specification can be met.

2) Envelope B - This envelope contains higher concentrations of cesium than the Envelope A.
Both cesium and technetium require removal to ensure that the LAW glass specifications
are met.  This envelope also contains higher concentrations of chlorine, chromium, fluorine,
phosphates, and sulfates, which may limit the waste loading in the glass.

3) Envelope C - This waste envelope contains organically complexed strontium and TRUs that
will require removal.  Cesium and technetium also require removal to ensure that the LAW
glass specifications are met.

4) Envelope D - This waste envelope contains a HLW slurry.

3.2.7 Maintenance Facilities and Equipment

The Pretreatment process bBuilding contains a remotely operated maintenance facility designed
for specified maintenance activities, ……...

Storage facility design addresses isolation or segregation of chemicals, flammability of lubricants
and paint, qualification of parts and components, damage to components and supplies resulting
from environmental effects, and control of radioactive materials.

3.3.6 Application of Graded QA to SSCs, Processes, and Activities

Design Class I SSCs are also physically protected so that the failure of another SSC does not
prevent the performance of the specified safety function.

When an SSC is designated as Design Class I:

5)         It is designed to withstand any severe natural phenomena hazard (NPH) when the NPH
may be an initiating event

Design Class II SSCs are physically protected so that the failure of another SSC does not prevent
the performance of the specified safety function.

When an SSC is designated as Design Class II:

5)        It is designed to withstand severe any NPH when the NPH may be an initiating event

SSCs defined as Important-to-Safety for the TWRS-P Facility include the following.

1) SSCs needed to prevent or mitigate accidents that could exceed public or worker radiological
and chemical exposure standards of Safety Criteria 2.0-1 and 2.0-2 and SSCs needed to
prevent criticality.  This set of SSCs includes both the front line and support systems needed



TWRS-P PROJECT
INITIAL SAFETY ANALYSIS REPORT

ABAR-W375-00-00014, Rev.0

A-6

to meet these exposure standards or to prevent criticality. This set of Important-to-Safety
SSCs are designated as Safety Design Class.

2) SSCs needed to achieve compliance with the radiological or chemical exposure standards for
the public and workers during normal operation; and SSCs that place frequent demands on,
or adversely affect the function of, Safety Design Class SSCs if they fail or malfunction. This
set of Important-to-Safety SSCs are designated as Safety Design Significant.

The processes for identifying the SSCs for each of the two groups of SSCs
Important-to-Safety and the requirements assigned to each of the two groups are discussed in
Appendix A of the Safety Requirements Document.

3.5.2.3 Facility and Equipment Design

Throughout the facility and equipment design process, careful attention is given to human factors
and ergonomic practices ……...

Designs of control rooms and local control stations ensure that adequate instrumentation and
controls provided clear and unambiguous indications of TWRS-P Facility status so that operators
can detect and correct off-normal conditions.

4.2.1.1 Process Building

Secondary waste streams (…..) are collected, sampled, analyzed, and returned to the DOE for
treatment and disposal.

Gaseous effluents generated from processing the waste feeds are treated, sampled, analyzed,
and discharged to the atmosphere through a stack …..

The immobilization area includes remotely operated vitrification systems contained in ………
concrete cells (LAW melters are contained in a steel confinement shell).

For …..HLW/LAW …, the pretreatment area includes …..concrete cells that contain remotely
operated equipment …….

For the HLW/LAW…., storage of separated solids and radionuclides is unnecessary because
they are incorporated in the immobilized HLW product.

4.2.3.2. Operability, Reliability, Availability, Maintainability and Inspectability.

SSCs are designed and installed so that the operability can be demonstrated by tests and
inspections during which the required safety function is maintained.

4.3.1.1 Waste Receipt

LAW Envelope A, B, or C feeds are transferred, in …..batches….. .  Envelope D feeds are
received into the …….receipt vessels, ………in batches…..

4.3.2 Melter Offgas Treatment Systems

4.3.2.1 Film Cooler and Quencher

The purpose of the offgas treatment system is to process offgas such that, when it is discharged
to the atmosphere, it does not exceed environmental discharge limits.
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4.3.3 Process Vessel Vent System

The process vessel vent system routes the gaseous discharge from various vessels to the
secondary off-gas treatment system.

4.3.6.1 Process Building HVAC

The waste treatment facility ventilation system is designed to provide pressure gradients between
confinement zones in which the air flow cascades from the areas of low or no contamination to
areas with the greatest potential of contamination.

The process vessels are maintained at a pressure less than the surrounding process cells …...

4.3.7 Fire Protection System

The TWRS-P fire protection system performs the following functions:

1)    ………..detects and locates fires…………

2) Provides automatic and/or manual capability to extinguish fires …….

4.3.9.2 Standby Power

Standby power is provided on loss of offsite power ……..  The electrical loads provided with
standby power include those loads that can tolerate a short power interruption ………...

4.3.9.3 Uninterruptible Power Supply

Loads that must be provided a continuous source of electric power are powered by a
battery-backed uninterruptible power supply.

4.3.9.6 Egress, Emergency Escape, and Essential Lighting Systems

4.3.9.7 Grounding System

A ground …… is furnished over the entire facility  area to provide for personnel safety and
facilities for grounding SSCs.

4.3.9.8 Lightning and Surge Protection

Electrical equipment and  lines are protected where necessary with lightning arresters and surge
capacitorsvoltage protection devices.

4.3.9.9 Safety Design Class II Electrical Circuits

Electrical equipment, cable, and circuits identified as Safety Design Class II, are physically
separated from other equipment, cables, and circuits to increase their availability during a
common mode failure.

4.3.10.1 Integrated Control System

The ……Control System (….) provides monitoring and control of the chemical process equipment
and mechanical handling systems.
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4.6.4.1 Protection of Public Safety

The location of the public (i.e., offsite receptor) for the purpose of establishing compliance with
Table  4-27 and the chemical release standard, is established at the most limiting exposure
location along the near bank of the Columbia River, Highway 240, and a southern boundary as
shown in Figure 4-2.

4.6.4.2 Protection of Worker Safety

The location of the workers is shown in Figure 4-30.

4.7.2.1.5 Mitigating Design Features

The cell ventilation is routed out of the facility through ……. stack.

4.8 CONTROLS FOR PREVENTION AND MITIGATION OF ACCIDENTS

In selecting engineered and administrative controls for the protection of worker and public safety,
preference is given to engineered features over administrative controls.  Preference is also given
to passive over active engineered features.

5.1 AS LOW AS IS REASONABLY ACHIEVABLE (ALARA) POLICY AND PROGRAM

1) ALARA - Personal radiation exposure shall be maintained as low as reasonably achievable
(ALARA).

Radiation exposure of the workforce and public during routine operation shall be controlled so
radiation exposures are maintained well below regulatory limits and so that radiation exposure is
balanced against commensurate benefit.

5.3.3 Facility Radiation Control Zones

The TWRS-P Facility is designed as a heavily shielded facility to aid in controlling external
occupational radiation exposures.

5.6 VENTILATION SYSTEMS

The TWRS-P Facility ventilation systems are ………. used to confine airborne materials to the
designated process areas and to protect facility workers and co-located workers.

This concept ensures air flows from uncontaminated areas toward the most contaminated
process areas, avoiding the dispersion of radioactive contamination within the facility.

Except for the facility ventilation systems serving areas evaluated as having marginal potential for
radiological contamination, All process ventilation air streams are filtered before discharge to the
atmosphere.

5.7 AIR SAMPLING
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Continuous air monitors (CAMs) are ……… used in areas where an individual is likely to be
exposed to airborne radioactivity exceeding the respiratory protection action level, or where there
is a need to alert personnel to an unexpected increase in airborne radioactivity levels.

6.1.3 NCS Limits

Most of the fissile material in the incoming and outgoing waste streams; however, is dispersed
throughout large volumes of the waste resulting in a low concentration of fissile material in the
process at any one time.

8.3  FIRE PROTECTION FEATURES AND SYSTEMS

The process building is designed and constructed of noncombustible or limited combustible
materials and complies with the standards of Type 1 construction as defined in NFPA 220,
Standard Types of Building Construction.

The process building is subdivided into separate fire areas for the purpose of limiting the spread
of fire.  These fire confinement areas are separated by fire-resistance-rated barriers
commensurate with the expected fire severity.  Openings in these barriers are protected with
automatic or fixed fire-resistance-rated closure devices such as doors, windows, dampers, or
seals.

The ventilation system is designed to prevent the spread of heat and combustion products
throughout the building in the case of fire.

9.4 DETECTION OF ACCIDENTS

The TWRS-P Facility is equipped with instrumentation designed to detect the initia l indicators of
off normal or accident conditions.

9.9 DESCRIPTION OF THE EMERGENCY OPERATIONS CENTER

The EOC is designed to remain operational and life supporting for an extended period of time
under accident conditions (………) and maintain its structural integrity under various events,
including natural phenomena.

9.10 INFORMATION COMMUNICATED AND THE PARTIES CONTACTED

A timely, reliable, and accurate communications system is important for notifications, since it
supplies the framework for conducting response operations.

11.0 DEACTIVATION AND DECOMMISSIONING

In addition, the TWRS-P Facility incorporates provisions in the original design to facilitate
deactivation and the final decommissioning.

APPENDIX 1A BNFL INC. OVERALL SAFETY APPROACH
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3.2 STANDARD CONFINEMENT BARRIER APPROACH

The primary barriers that provide confinement are process vessels, piping, and a dedicated
vessel ventilation system (C-5).

Cell structure and ventilation system (C-5) constitutes the second level of confinement.

A third barrier is provided by the operating corridor outside the cell together with another
dedicated ventilation system to prevent radioactive or hazardous material entering operating
areas and challenging worker safety.
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Figure 1-1 RPP-WTP Facility Building
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Figure 1-2 LAW-Only Process

DELETED
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Figure 1-3 Simplified Process Flow Diagram
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